Cross-coupling of aromatic aldehydes with unactivated imines catalyzed by N,Ndimethylbenzimidazolium iodide in ethanolic sodium hydroxide solution gave á-amino ketones in satisfactory yields. Benzoin condensation and further oxidation of the resulted aroins also occurred as side reactions.
INTRODUCTION
Acyl anion equivalents 3 resulted from treatment of aromatic aldehydes 1 with either benzimidazolium salt 2a or thiazolium salt 2b in the presence of base have been successfully utilized in benzoin condensation [1] [2] [3] [4] (eq.1) and Stetter reaction [5] [6] [7] [8] [9] (eq.2), as illustrated in Scheme 1.
In addition to aromatic aldehyde 1 and electrophilic alkene 4, unactivated imines have also been employed as aroyl anion receptors. 10 As shown in Scheme 2, cross-coupling of aromatic aldehydes 1 with unactivated imines 7 catalyzed by thiazolium chloride 2b and trimethylamine in ethanol at 70 o C for 2 days provided exclusively á-amino ketones 8 in 58-85 %yields.
As part of our continuing interest in catalytic reactivity of N,N-dimethylbenzimidazolium iodide (2a) and its reusability, we report herein the crosscoupling of aromatic aldehydes with imines catalyzed by 2a in ethanolic sodium hydroxide solution.
EXPERIMENTAL
Chemicals were perchased from Fluka, Aldrich and Merck chemical company and used without further purification. Melting points were determined on a Sanyo Gallenkamp melting point apparatus and compared with those of known samples. IR spectra were recorded on a Perkin Elmer Spectrum One FT-IR Spectrometer. 1 H and 13 C NMR spectra were obtained using a VARIAN MERCURY plus (400 MHz FT NMR).
N,N-Dimethylbenzimidazolium iodide was prepared following our previously reported reference.
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General procedure for the preparation of unactivatedimines Aniline (9) (9.30 g, 0.10 mol) was added to a vigorously stirred aromatic aldehyde (0.10 mol). Stirring was continued for 15 minutes. The reaction mixture was poured, with rapid stirring, into 95% ethanol (33 ml) and the resulting mixture was allowed to stand, first ten minutes at room temperature and then thirty minutes in an ice bath. The pale yellow precipitates of imine were filtered and washed with cold ethanol. The filtrate was concentrated under reduced pressure and purified by using column chromatography with 20% EtOAc:hexane as eluant to give an additional amount of the imine. An imine (20.00 mmol) and an aromatic aldehyde (24.00 mmol) were added to a solution of N,N-dimethylbenzimidazolium iodide (2a) (1.10 g, 4.00 mmol) and NaOH (0.16 g, 4.00 mmol) in ethanol (20 ml). The reaction mixture was heated at reflux for 5 hours.The pale yellow precipitates of á-amino ketone were filtered and washed with cold ethanol. The filtrate was concentrated under reduced pressure and dissolved in dichloromethane (40 ml). The dichloromethane solution was washed with water (2×20 ml), dried (anh.Na 2 SO 4 ) and evaporated to dryness. The residue was purified by using preparative thin layer chromatography with 20% EtOAc:hexane as eluant to give an additional amount of the á-amino ketone, aroin, and aril.
N-Benzylideneaniline (10a
N,N-dimethylbenzimidazolium iodide (2a) was recovered from the aqueous layer by evaporation to dryness and recrystallization of the brown residue with ethanol. (CDCl 3 ) d 55.6, 114.3, 126.3, 132.4, 164.8,  193 .6. 
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RESULTS AND DISCUSSION
Imines 10 used in our study were prepared in very good yields, as shown in Scheme 3, by condensation between the corresponding aromatic aldehydes 1 with aniline (9) in the absence of solvent at room temperature for 15 minutes. Unfortunately, this reaction gave only 4% yield of the desired 1,2-diphenyl-2-(phenylamino)ethanone (11a) together with benzoin (12a) and benzil (13a) in 28 and 26% yields, respectively. Benzoin (12a) was resulted from benzoin condensation which underwent further oxidation to give benzil (13a) via the mechanism proposed by Miyashita et al.
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Replacement of triethylamine with sodium hydroxide, on the other hand, was found to give á-amino ketone 11a along with benzoin (12a) and benzil (13a) in 27, 12 and 61% yields, respectively, as shown in Table 1 . Increasing the reaction temperature led to a higher yield of á-amino ketone 11a, i.e., 76% yield. The two side products, 12a and 13a, were still obtained in 9 and 10% yields, respectively. Similar results were obtained despite of the shorten of the reaction time to only 5 hours, i.e., 11a, 12a and 13a were obtained in 76, 14 and 14% yields, respectively.
Among various conditions studied, cross-coupling of benzaldehyde (1a) with N-benzylideneaniline (10a) using 20 mol% of benzimidazoliumsalt2a as a catalyst in ethanolic sodium hydroxide solution at reflux for 5 hours was chosen as the optimum conditions. Although the conditions at reflux for 48 hours also gave the same yield of 1,2-diphenyl-2-(phenylamino) ethanone (11a), it took longer time and also provided comparable yields of the two side products.
Cross-coupling between a variety of substituted aromatic aldehydes 1 with imines 10 were carried out and the results are shown in Table  2 . Aromatic aldehydes having a weak electrondonating group, i.e., 1b, as well as the one with a weak electron-withdrawing group, i.e., 1d, reacted with N-benzylideneaniline (10a), affording good yields of á-amino ketones 11b and 11d, respectively. Reactions between aromatic aldehydes 1b and 1d with imines 10b and 10d, derived from the same aldehydes, also provided good yields of the corresponding á-amino ketones 11e and 11g, respectively. On the other hand, crossing-coupling of aromatic aldehydes 1c bearing strong electrondonating group with N-benzylideneaniline (10a) as well as N-(4-methoxybenzylidene)aniline (10c) gave poor yields of á-amino ketones 11c and 11f, respectively. Corresponding aroins 12b-d and arils 13b-d were obtained from all cases as side products.
Replacement of an aromatic aldehyde with a half equivalent of benzoin (12a) under the optimum conditions gave 1,2-diphenyl-2-(phenylamino) ethanone (11a) together with benzoin (12a) and benzil (13a) in 76, 17 and 7% yields, respectively.
After separation of organic products, N,N-dimethylbenzimidazolium iodide (2a) could be recovered by evaporation of the aqueous solution of the benzimidazolium salt to dryness. Recrystallization of the residue in ethanol gave recovered purified N,N-dimethylbenzimidazolium iodide (2a). CONCLUSION N,N-Dimethylbenzimidazolium iodide (2a) in the presence of NaOH satisfactorily catalysed cross-coupling between aromatic aldehydes and unactivated imines to afford expected á-amino ketones. Aromatic aldehydes also underwent benzoin condensation and some resulted aroins went through oxidation as evidenced by isolation of aroins and corresponding arils as minor products.
Expected á-amino ketone could be obtained from treatment of benzoin with an imine. Benzimidazolium salt could be recovered and reused.
